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Exposure to styrene and chronic health effects:
mortality and incidence of solid cancers in the
Danish reinforced plastics industry

Henrik A Kolstad, Knud Juel, Jorn Olsen, Elsebeth Lynge

Abstract
Objectives-To study the occurrence of
non-malignant diseases and solid cancers
in workers exposed to styrene in the
Danish reinforced plastics industry.
Methods-All 36 610 workers of 386 re-
inforced plastics companies and 14 293
workers not exposed to styrene from
similar industries were followed up from
1970 to 1990. This industry is charac-
terised by simple exposure conditions,
exposure to high concentrations of
styrene, and a high proportion of small
companies, and the exposure assessment
was based on experts' classification on a
company level. The mortality from non-
malignant causes and the incidence of
solid cancers were compared with the
national rates. Poisson models were used
for internal comparisons.
Results-A total of 3031 deaths and 1134
newly diagnosed cases of solid cancer
were reported in the workers in the rein-
forced plastics industry. In companies
where 50% or more of the workers pro-
duced reinforced plastics an increased
mortality rate ratio (MRR) for degener-
ative disorders of the nervous system
(multiple sclerosis, parkinsonism, and
motor neurone disease; MRR 1-8, 16
cases, 95% confidence interval (95% CI)
0.9-3.8) and an increased incidence rate
ratio (IRR) for pancreatic cancer (IRR
2-2, 17 cases, 95% CI 1.1-4.5) was found.
For both disease categories increased
occurrence was also found among long
term workers, workers of the 1960s (the
period with the highest exposure to
styrene), and workers with a latent period
of more than 10 years after the start of
employment. No other non-malignant
diseases or solid cancers showed these
patterns.
Conclusion-The findings have to be
interpreted with caution, due to the com-
pany based exposure assessment, but the
possible association between exposures in
the reinforced plastics industry, mainly
styrene, and degenerative disorders of
the nervous system and pancreatic can-
cer, deserves attention.

(Occup Environ Med 1995;52:320-327)
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Styrene is an organic solvent and it is one of
the most important composites of plastics and
synthetic rubber. In 1992 about 14 million
tonnes of styrene were used globally.' Styrene
is found at low concentrations in the ambient
air and in tobacco smoke.2 Much higher expo-
sure occurs in industrial plants that produce
styrene monomer, styrene-butadiene plastics,
or polystyrene.' The highest exposures have
been found in the reinforced plastics industry
in which styrene is the predominant exposure
but acetone is also often used.3 Both are
organic solvents and the industry offers an
important setting for the study of health
effects of organic solvents, mainly styrene.

Acute neurotoxic effects of styrene have
been found as symptoms of the central ner-
vous system; such as electroencephalographic
abnormalities, delayed psychomotor reaction,
and impairment of colour vision.4 Whether
styrene can cause chronic effects on the cen-
tral nervous system is a matter of debate.8 It
has, however, been proposed that long lasting
exposure to organic solvents in high doses
may cause multiple sclerosis,9 parkinsonism,'0
motor neurone disease," and neuropsychi-
atric disability. 12 Cases of congestive car-
diomyopathy in glue sniffers'3 have been
associated with high exposure to organic sol-
vents. Occupational exposure to hydrocarbons
has been linked with chronic pancreatitis'4
and with chronic glomerulonephritis in sev-
eral case-control studies,'5 16 but not in all.'7

Cytogenetic effects have been found in
workers exposed to high concentrations of
styrene'8 as have moderately increased occur-
rences of lymphomas and leukaemia.'9-21 Not
all the studies have found these effects.22 No
consistently increased mortality from solid
cancers in workers exposed to styrene has
been found in previous studies. Styrene is
classified by the International Agency for
Research on Cancer (IARC) as a possible
human carcinogen.
The aim of our study was to report the

results of health surveillance of a large group
of workers exposed to styrene on the mortality
of non-malignant diseases and the incidence
of solid cancers. The occurrence of lympho-
haematopoietic malignancies in this popula-
tion has been reported previously.202'

Materials and methods
Five hundred and fifty two companies that
have produced reinforced plastics in Denmark
since the early 1960s were identified. Most of
these were boat yards or manufacturers of
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Table 1 Non-malignant causes of death that may be associated with exposure to organic solvents: data from a cohort of
men exposed to styrene in the Danish reinforced plastics industry 1970 to 1990

Number of cases
By underlying and contributory cause of death

By underlying
Cause ofdeath (ICD-8 code) cause of death* Exposed t Unexposed t Total

Degenerative disorders of the nervous system:
Multiple sclerosis (340) 4 6 1 7
Parkinsonism (342) 6 18 6 24
Other diseases of brain (347) 10 17 7 24
Motor neurone disease (348) 4 4 1 5
Total 24 45 15 60

Degenerative disorders of the myocardium:
Myocarditis (422) 3 2 1 3
Cardiomyopathy (425) 10 10 3 13
Other myocardial insufficiency (428) 6 9 3 12
Total 19 21 7 28

Pancreatitis (577) 11 32 5 37
Glomerulonephritis (580-584) 6 8 3 11

*Cases included in external analysis; cases included in internal analysis; exposed = employed in company producing reinforced
plastics; unexposed = employed in company with no exposure to styrene.

containers produced by hand lamination. The
53 847 male workers ever employed between
1964 and 1988 and alive on 1 January 1970,
were found by linkage of unique company and
personal identification numbers in a national
pension fund. Two dealers of plastic raw
materials independently reviewed the produc-
tion of all companies and classified them as
(a) producing reinforced plastics with 50% or
more of the workforce involved in the produc-
tion (287 companies, 12 862 employees) or
(b) producing reinforced plastics with less
than 50% of the work force involved in the
production (99 companies, 23 748 employ-
ees), or (c) not producing reinforced plastics
(84 companies, 14 293 employees). Eighty
two companies unknown to the dealers (2944
employees) were excluded. The dealers' clas-
sification showed a high correlation with com-
parable measures reported by 368 employers
who answered a postal questionnaire (K 0.72).
The analysis was based on the dealers' esti-
mates as they were the most complete.
No data on individual exposure or job titles

was available, but employees of companies
with less than 50% of the workers involved
with reinforced plastics were classified as of
probable low exposure to styrene, whereas
employees of companies with 50% or more of
the workers involved with reinforced plastics
were classified as of probable high exposure.
Of all the reinforced plastics companies, 92%
had an average work force of less than 50
employees corresponding to 44% of all
employees of the reinforced plastics compa-
nies. In companies with a probable high expo-
sure 77% of all workers were employed in
companies with an average work force below
50 workers. Duration of employment was esti-
mated from the payments recorded for each
employee in the pension fund (for workers
with reinforced plastics only employment in
companies that produced reinforced plastics
was counted). Details on the identification
and classification of the study population have
been published earlier.21 24
The exposure concentrations of styrene in

work room air of the Danish reinforced

Table 2 Non-malignant causes of death among men employed in the Danish reinforced plastics industry and similar
industries 1970 to 1990 (expected numbers are based on national rates)

Cause of death (ICD-8 code)

All deaths
Infectious diseases (000-136)
Endocrine system (240-279)
Haematological system (280-289)
Mental disorders (290-315)

Alcoholism (303)
Nervous system (320-389)

Degenerative disorders of the
nervous system (340, 342, 347, 348)

Circulatory system (390-458)
Ischaemic heart disease (410-414)
Degenerative disorders of the
myocardium (422, 425, 428)

Respiratory system (460-519)
Chronical respiratory diseases
(490-493)

Digestive system (520-577)
Cirrhosis of the liver (571)
Pancreatitis (577)

Genitourinary system (580-629)
Glomerulonephritis (580-584)

Symptoms and ill defined conditions
(780-796)
Accidents, poisonings, and
violence (E800-E999)

Suicide (E950-E959)

Reinforced plastics industry

Obs Exp SMR (95% CI)

3031
15
52
3

25
21
29

2754 3
19-5
52-5
3.3

23-3
17 6
34.5

1-10 (1-06-1-14)
0 77 (0-43-1-27)
0-99 (0-74-1 30)
0-91 (0 16-4-82)
1-07 (0-69-1-58)
1 19 (0-74-1-82)
0-84 (0-56-1-21)

18 19 1 094 (0-56-1 50)
1085 1053-8 1 03 (0-97-1-09)
787 741 5 1-06 (0-99-1-13)

17 905 1-79 (1-04-2-87)
175 150 8 1-16 (0-99-1-35)

114
118
70
10
28
6

105-2
123-2
69-2
7.9

23-4
5-5

1-08 (0-89-1-30)
0-96 (0-79-1 15)
1-01 (0-79-1-28)
1-27 (061-233)
1-20 (0-80-173)
1-09 (0 40-2 37)

128 101 6 1-26 (1-05-1 50)

557 399-5 1-39 (1-28-1-52)
238 187-1 1-27 (1-12-1-44)

Industries with no exposure to styrene

Obs Exp SMR (95% CI)

1453
7

22
2
14
10
11

5
3

1241 2
8-3

22-3
1*5
9-6
6-8
14 8

1-17(111-123)
0-84 (0-34-1-74)
0 99 (0-62-1 49)
1-33 (0-16-4-82)
1-46 (0 80-2 45)
1-47 (0-71-2-70)
074 (037-133)

6 7-3 0-82 (0 30-1-79)
i64 496-2 1-14 (1-04-1 23)
96 346-2 1 14 (1-03-1 26)

2 4-1 049 (0-06-1-76)
78 73 0 1 07 (0-84-133)
54
60
40

1
7
0

49.9
53.9
27 4
3.3

11-4
2-3

1-08 (0 81-1-41)
1-11 (0-85-1-43)
1 46 (1-04-1-99)
0 30 (0-01-1 69)
061 (025-1-27)
0 00 (0-00-1 60)

50 43-7 1-14 (0-85-1 51)

241 162-1 1-49 (1-30-1-67)
96 74-3 1 29 (1-'05-1-58)
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Table 3 Mortalities * and mortality rate ratios (MRR) for selected non-malignant causes of death among men employed in the Danish reinforced plastics
(RP) industry 1970 to 1990 (results of Poisson regression analysis with workers not exposed to styrene as controls)

Cause of death and
employment
data

Exposure probability

Unexposed controls Low High All RP workers

Obs Rate MRR (95% CI) Obs Rate MRR (95% CI) Obs Rate MRR (95% CI) Obs Rate MRR (95% CI)

Year of first employment:
> 1970
< 1970 1

Duration of employment:
<1 y
>1 y

Time since first employment:
<10y
> 10 y

Total I

Year of first employment:
> 1970
< 1970

Duration of employment:
<1 y
>1 y

Time since first employment:
<10y
>10 y

Total

Year of first employment:
> 1970
< 1970

Duration of employment:
<1 y
> 1 y

Time since first employment:
<lOy
> 10 y

Total

Year of first employment:
> 1970
< 1970

Duration of employment:
<1 y
>1 y

Time since first employment:
<10y
> 10 y

Total

Degenerative disorders of the nervous system

3 29 1 0 6 96 1 1 (03-44)
12 16 5 1 6 (0 4-6 0) 23 17 6 2 0 (0 6-7 0)

1 0 12 (06-24)

6 56 10
9 13 0 1 3 (0 4-3 6)

1.0

1 09
14 20 3

15 8 5

1.0
46 (06-384)
1.0
1 0

5 48 1 0
2 27 02 (0 1-09)

1.0

2 19 10
5 7 2 2 7 (0 5-13 9)

1.0

4 37 10
3 44 08 (02-40)

1.0
7 40 1 0

4 3*9 1 0
1 1-4 0-2(01-17)

1.0

5 4-7 1-0
0 - _

1 09
4 5-8

5 2-8

0
3

1.0
3-2 (0 3-30 4)
1.0
1.0

4-1 1 0

1 09 1 0
2 2 9 1 9 (0 2-21-2)

1.0

0
3
3

4*4 1-0
1-7 1-0

8 4-7 0 9 (0 3-2 7)
21 17 4 1-7 (0-7-4-2)

13 (06-28)

7
9

8
8

3 1 8 1 9 (0 2-18 2) 3
26 20-9 5 3 (07-42 7) 13

1-1 (0 6-2-1)
29 99 12 (06-22) 16

Degenerative disorders of the myocardium

4 2 4 0 7 (022-28)
9 72 07 (02-24)

4 7 (1 0-22 2)

6
7

3.5 3 2 (0-6-16 6)
5 8 3 1 (0-6-15 1)

1 3 (0-4-4-1)

2 12 05 (01-25)
11 8 9 2-6 (0 7-9 9)

3-5 (0 9-13-0)
13 45 17 (07-45)

Pancreatitis

7 4*4 10 (03-35)
19 14 5 2 1 (066-68)

11 1 (1 5-8 2)
18 105 24 (09-64)
8 6 6 0 9 (0 3-2 9)

4
22

26

2-4 2-7 (0 3-24 0)
17 7 10-5 (1-3-82-8)

3-1 (1-1-90)
8-9 3-1 (1-2-8-0)

Glomerulonephritis

2 12
3 23 06(0 1-32)

2 1-2 1-4 (0 1-15 3)
3 2 5 1-6 (0-2-15-1)

0-9 (0-1-5 2)

2
3
5

1 *2
2-4
1*7

4
4

6
2

3
5

8

4
2

6
0

3
3

6

6 2 1 8 (0 5-7 1)
233 3-1 (08-11 8)

18 (08-4-3)
7 8 1 9 (0 6-5*5)
16 7 2-5 (0 9-7 4)

1 9 (0 7-5 0)
3 0 3-8 (0.4-36.2)
255 80 (09-663)

17 (08-36)
10 6 1 8 (0 9-3-8)

40 11 (03-41)
7*8 1 2 (0 3-5-1)

8-3 (1 5-46 4)

5 8 5 7 (1 1-29 5)
42 29 (04-207)

1 3 (0 2-7 1)

3 0
9 8

5.3

1-3 (0 3-5 8)
3-1 (07-138)
4-7 (10-204)
2 5 (0 7-5 7)

3-6 0-8 (0-2-3 4)
5-2 0-8 (0 1-4-6)

4-2 (04-46 0)

13
32

16
29

6
39

45

8
13

12
9

5
16

21

11
21

4 8 1 4 (044-49)
18 9 2 2 (077-77)

1-3 (0 7-2 6)

5 8 1 3 (0 5-3 2)
17 2 1-8 (0-7-4 3)

1 4 (0 7-3-0)
2-2 2 5 (0 3-20 8)

22 2 6 4 (0 8-51 2)
12 (07-28)

102 1.5 (06-37)

3 0 0 9 (0 3-2 7)
7.4 0u8 (0 3-2 7)

5*4 (1 2-24 5)

4-4 4 1 (09-19-1)
5*3 3 0 (0 6-14 3)

13 (04-39)

1.9
9.1

4.7

0 7 (022-28)
2 7 (0 7-10 3)
3 8 (1 1-13 5)
1 9 (0 8-4 7)

40 09 (03-30)
12-4 1 8 (055-57)

9-6 (1 3-71-0)

58 15 (04-49) 24 8-7 2-1 (08-55)
- - 8 4 8 0-7 (0-2-2 2)

3 0
5.9

4 0

1 09
2 5-2

3
0
0

_ ~~~~~~~1
0-6 (0-1-3-1) 2
1*0 (0-24-3) 3

3-4 (0-4-32 7)
3-7 (0-4-36 8)
1 1 (02-49)
1-7 (055-54)

7
25

32

2-6
14-3

7 2

3 1.1
1-7 (0-3-10-3) 5 2-9

2 9 (0 4-24 0)
8-2 (1 0-63 9)
2 6 (0 9-7 4)
2-6 (1 0-6 8)

0-8 (0 2-3 6)

2-9 4-3 (04-42-4) 5 1-8 2 3 (0 3-20-1)
-- - 3 1-8 1 2 (0 1-12-1)

07 (0 1-4-1)

1*0
3-9
2-0

1-4 (0-2-8-6)
1-7 (0-3-8-8)

3
5
8

1 1
2-9
1*8

0 8 (0-2-3 3)
1-2 (0-3-44)

*Crude mortalities ( x 10 - 5).

plastics industry have been thoroughly moni-
tored by the Work Inspection Service since
the early 1960s and have shown a significant
decline by calendar year with mean concen-
trations of 180 parts per million (ppm) during
the 1960s and 54 ppm during the subsequent
decades.3

Years at risk were counted from the start of
employment (or from the first year the com-
pany produced reinforced plastics if later than
the start of employment), or 1 January 1970 if
employment was before 1970, and continued
until death, disappearance, emigration, or 31
December 1990 whichever came first. Follow
up for cancer ended on 31 December 1989 as
complete cancer registration was not available
for later years. Fifty four workers were lost to

follow up (0-1%) and 1072 emigrated during
the study period (2%). A total of 618 900
person-years were recorded. According to the
national population registry 4484 of the
employees died during the follow up. From
the national cause of death register the under-
lying cause and up to two contributory causes
of death coded according to the 8th revision
of the International Classification of Diseases
(ICD-8) were available for all but 94 workers
(82 of these died abroad). External compar-
isons were based on the underlying cause,
whereas the underlying and the contributory
causes were used for internal comparisons
(table 1). Multiple sclerosis, parkinsonism,
and motor neurone diseases were grouped
together with other diseases of the brain under
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Table 4 Solid cancers among men employed in the Danish reinforced plastics industry and similar industries 1970 to
1989 (expected numbers are based on national rates)

Reinforced plastu industry Industries with no exposure to styrene

Solid cancer (ICD-7 code) Obs Exp SIR (95% CI) Obs Exp SIR (95% CI)

All solid cancers (140-199) 1134 1147-1 0.99 (0-93-1-05) 529 507 3 1-04 (0-96-1-14)
Lip (140) 15 14-4 1-04 (0-58-1-71) 9 6-3 1-43 (0-65-2-71)
Tongue (141) 3 4-2 0-72 (0-15-2-09) 5 1-7 2-92 (0-95-6 82)
Salivary gland (142) 5 2-9 1-74 (0 56-4 05) 0 1-2 0-00 (0 00-3 00)
Mouth (143-144) 9 8-1 1-11 (0-51-2 10) 1 3-4 0 30 (0-01-1-65)
Pharynx (145-148) 7 10-6 0-66 (0-26-1-36) 4 4-4 0-92 (0-25-2-34)
Oesophagus (150) 13 14-2 0-92 (0-50-1-57) 7 6-2 1-13 (0-45-2-32)
Stomach (151) 47 47-5 0-99 (0-73-1-32) 33 21-9 1-50 (1-03-2-11)
Colon (153) 75 76-4 0-98 (0-77-1-23) 29 34-6 0-84 (0-56-1-20)
Rectum (154) 47 59-9 0-78 (0-58-1-04) 19 27-2 0 70 (0-42-1-09)
Liver (155-0, 156) 14 19-4 0-72 (0-40-1-21) 5 8-7 0-56 (0-19-1-35)
Gall bladder (155 1) 7 7-2 0-97 (0-40-1-99) 2 3-4 0-60 (0-07-2-16)
Pancreas (157) 41 34-2 1-20 (0-86-1-63) 14 15-6 0 90 (0-49-1-51)
Peritoneum (158, 159) 4 3-9 1-03 (0-28-2-63) 1 1-7 0-60 (0-02-3 34)
Nasal cavities (160) 7 3-8 1-84 (0-74-3 80) 2 1-6 1-24 (0-15-4-49)
Larynx (161) 25 22-6 1-10 (0-71-1-63) 14 9-7 1-45 (0-79-2 43)
Lung (162*, 163) 248 222-4 1-12 (0-98-1-26) 123 99-8 1-23 (1-02-1-47)
Pleura (162-2) 10 5-6 1-78 (0-85-3-28) 7 2-4 2-90 (1-16-5-96)
Mediastinum (164) 3 1-6 1-84 (0 38-5 38) 2 0 7 2-95 (0-36-10-62)
Prostate (177) 85 86-3 0-98 (0-79-1-22) 45 42-5 1-06 (0-77-1-42)
Testis (178) 56 55-2 1-02 (0-77-1 32) 27 22-1 1-22 (0-81-1-78)
External male genital organs (179) 7 4-4 1-60 (0-64-3 30) 1 1-9 0-52 (0-01-2-90)
Kidney (180) 37 39-8 0-93 (0-65-1-28) 19 17-4 1-09 (0-66-1-70)
Urinary bladder (181) 117 101-0 1-16 (0-96-1-39) 45 45-1 1-00 (0-73-1-33)
Melanoma of skin (190) 26 36-9 0 70 (0-46-1-03) 9 14-7 0-61 (0-28-1-16
Other skin (191) 132 163-8 0-81 (0 67-0 96) 70 70-8 0-99 (0-77-1-25)
Eye (192) 0 3-9 000 (0 00-0 94) 3 1-7 1-82 (0-38-5-31)
Brain and nervous system (193) 46 47-6 0 97 (0-71-1-29) 18 19-4 0 93 (0-55-1-47)
Thyroid (194) 6 4-6 1-31 (0-48-2-85) 0 1-9 0 00 (0-00-1-92)
Otherendocrinal glands (195) 3 1-8 1-66 (0-34-4 84) 1 0-8 1-32 (0-03-7 33)
Bone (196) 3 3-5 0-87 (0-18-2-54) 0 1-4 0 00 (0-00-2 60)
Connective tissue (197) 2 5-9 0-34 (0-04-1-21) 2 2-5 0-81 (0-10-2-93)
Secondary cancers (198-199) 33 26-9 1-22 (0-84-1-72) 12 11-9 1-01 (0-52-1-77)

*ICD-7 codes 162-162-8, except 162-2.

the heading degenerative disorders of the
nervous system, because of the limited
knowledge of the possible neurotoxic actions
of organic solvents and the few cases within
each diagnostic category. For similar reasons,
and because of the difficulties in the diag-
nosis of congestive cardiomyopathy, cardio-
myopathy was grouped together with other
myocardial insufficiency without additional
indications of arteriosclerotic or hyper-
tensive disorder and myocarditis under the
heading degenerative disorders of the
myocardium.

In the national cancer registry 1663 newly
diagnosed cases of solid cancer according to
the ICD-7 were identified during the follow
up period.

STATISTICAL METHODS
Standardised mortality ratios (SMRs) and
standardized incidence ratios (SIRs) were cal-
culated by comparing the observed number of
deaths and newly diagnosed cancers in the
cohort with the expected numbers according
to age and calendar specific national rates.
Poisson regression models were used in
internal analyses to estimate mortality rate
ratios (MRRs) and incidence rate ratios
(IRRs) with the rates for workers unexposed
to styrene as the controls.25 The Poisson mod-
els included the following variables: exposure
probability (unexposed, low, high), age (1-49,
50-59, 60-69, - 70 years), year of first
employment (< 1970, > 1970), duration of
employment (<1, >year), and time since
first employment (<10, ) 10 years). For all
analyses 95% confidence intervals (95% CIs)
are given.

Results
NON-MALIGNANT DISEASES
The overall mortality for workers in the rein-
forced plastics industry was increased by 10%
compared with the Danish population at large
(table 2). A somewhat larger excess mortality
was found in workers of companies with no
exposure to styrene, and the workers in the
reinforced plastics industry showed a reduced
overall mortality when a direct comparison
was made (MRR 0-92, 95% CI 0-87-0-98,
data not shown).
The mortality for degenerative disorders of

the nervous system defined by the underlying
cause of death was close to the national level
(table 2). If the case definition instead was
based on the underlying and the contributory
causes of death and the workers unexposed to
styrene were used as controls, an 80% excess
mortality was found in the workers with a high
probability of exposure (table 3). In this group
the mortality was also higher among workers
first employed in the 1 960s, employed for
more than one year, and with a 10 year
latency.

If the analysis was restricted to a compari-
son of workers highly exposed to reinforced
plastics with workers not exposed to styrene
all workers first employed in the 1960s,
employed for more than one year, or workers
with a latent period of 10 years or more after
first employment a general pattern of an
increased mortality among the workers
exposed to reinforced plastics was found.

Degenerative disorders of the myocardium
showed an increased SMR in the workers with
reinforced plastics industry, whereas a mortal-
ity deficit was seen in the workers not exposed
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Table S Incidence and incidence rate ratios (IRRs) for cancer of the pancreas, nasal cavities, lung, pleura, external genital organs, and bladder among
men employed in the Danish reinforced plastics (RP) industry 1970 to 1989 (results of Poisson regression analysis with workers not exposed to styrene as
controls)

Exposure probability

Cause of death and Unexposed controls Low High All RP workers
employment
data Obs Rate IRR (95% CI) Obs Rate IRR (95% CI) Obs Rate IRR (95% CI) Obs Rate IRR (95% CI)

Pancreas
Year of first employment:

> 1970
< 1970

Duration of employment:
<1 y

>1 y

Time since first employment:
<10oy
> 10 y

Total

Year of first employment:
> 1970
< 1970

Duration of employment:
<1 y

>l y
Time since first employment:
<10y

P> 10 y

Total

4 4 5 1-0 7 5-1 1-0 (033-33) 7

10 14-4 07 (02-25) 17 13-6 09 (03-28) 10
1.0 1-1 (05-25)

4 1 1 10 11 7-4 2-2(07-68) 9
10 15-5 19(06-59) 13 116 14(05-44) 8

1 0 0-8 (0-4-1-8)
5 5-2 1 0 7 47 09 (03-28) 8
9 14-7 1-0 (033-32) 17 15-2 1-2 (0-4-3-7) 9

1.0 13 (06-28)
14 8-9 1-0 24 9-2 1.1 (0 6-2 2) 17

Nasal cavities

0

2

0

29 1 0

2 3-2 1 0

0 -
2 33 1-0
2 1-3 1 0

4 2-9 - 1

1 0-8 0 3 (0 1-3 2) 1

3 2-0 - 1
2 1 8 0 5 (0-1-3-7) 1

2

3
5

13 - 2
27 08 (01-51) 0
19 1-5 (03-80) 2

7-2 14 (04-47) 14 60 1-1 (04-35)
27-2 2-0 (066-69) 27 16 7 1.1 (0 4-3-4)

2 6 (1 1-6 3) 1 4 (0-7-3 0)

10 1 3-1 (09-103) 20 8-4 2-5 (08-72)
181 3-4(10-114) 21 134 1-8(06-74)

17 (06-44) 10 (0-5-2 1)

9-0 2 1 (0 7-6 5) 15 6 3 1 3 (0 5-3 5)
20-3 2-1 (07-69) 26 167 1.5 (05-43)

2-0 (0 8-5 2) 1-4 (0 7-3-1)
12 7 2 2 (1-1-4-5) 41 - 1-4 (0 8-2-6)

1.0 -

2-7 10 (0- 1-11-2)

1-1 -

2 3 0 8 (0-1-8 5)

2-2 -

1-5 1-3 (02-9*3)

5 21 -

2 1 2 04 (0-1-32)

4 17 -

3 2 0 0 6 (0 1-3*5)

4 17 -

3 19 06 (01-3-5)
7 1 8 1.5 (0 3-7 1)

Lung
Year of first employment:

>1970 26 29-3 1-0 46 33 7 1 0 (0-6-1 6) 40
<1970 97 139-3 1 8 (1-1-3 0) 130 104 2 1-6 (0 9-2 5) 32

10 09(0-7-11)
Duration of employment:

< 1 y 49 51-3 1 0 70 46-5 1 0 (0-7-1-5) 52
1 y 74 117-8 1-2 (0 9-1 8) 106 95-9 1 0 (0-7-1-4) 20

1 0 0-8 (0 6-1 1)
Time since first employment:
<10y 40 41-3 1 0 52 34-8 0-8 (0-61-3) 26
>lOy 83 135-4 10(0-6-1-6) 124 111 1 09(0-6-1-4) 46

1.0 0-9 (0-7-1-2)
Total 123 77-7 1-0 176 67-4 0-9 (0 7-1 1) 72

41-3 1 3 (0-8-2-1) 86 36-9 1-1 (0 7-1-7)
87-2 1 5 (0 9-2 6) 162 100-4 1-6 (0-9-2 5)

0-8 (0-5-1-2) 0-9 (0 7-1 1)

57-4 1-4 (0 9-2 1) 122 50-6 1-2 (0 8-1 6)
46-5 07 (0-4-1-2) 126 82-1 09 (0-7-1-3)

0-6 (0 3-0 9) 0-8 (0 6-1-0)

29-1 0-8 (0-5-1-4) 78 32-7 0 8 (0-6-1 2)
103-9 1 1 (0-6-1-7) 170 109 0 0 9 (0 6-1-5)

1-1 (0-7-1-5) 0 9 (0-7-1-2)
53-9 1-0 (0-7-1-3) 248 62-8 0 9 (0 7-1 1)

Year of first employment:
> 1970
< 1970

Duration of employment:
<1 y

>1 y
Time since first employment:

<10Ty
,>10 y

Total

0

7 10 1 1.0

0 - _
7 111 1.0

0 - _
7 11-4 1-0
7 4-4 1 0

Pleura

2 1-5 - 3
2 1-6 0-2(01-08) 3

1 07 - 5
3 2-7 0-2 (0 1-0-9) 1

2

2
4

13 - 1
1-8 0-2 (0 1-08) 5
15 04(01-13) 6

3-1 -

8 1 1 0 (0-2-3 7)

5-5 -

2-3 0-2 (0 1-1 9)

1*1

11-3 12(04-38)
4-5 16(0-5-4-9) 1

5 21 -

5 3 1 0-3 (01 1-11)

6 25 -

4 2-6 0-2 (0 1-0-8)

3 13 -

7 4*5 04(01 1-12)
t0 25 07 (03-18)

Year of first employment:
> 1970
< 1970

Duration of employment:
<1 y

> 1 y
Time since first employment:
<10y
>10 y

Total

Year of first employment:
> 1970
< 1970

Duration of employment:
<1 y

>l y

Time since first employment:
<10 y

> 10 y

Total

0

1
0

0

1-4 1-0

External male genital organs

1 1-4 1 0
6 48 35 (04-290) 0

- -(-) 1 0 7 -(-) 0

1-6 1-0 6 5-4 3-5 (04-294) 0

1 1-6 1(
1 06 1(

(-) 3

4
0 7

10 11-3 1-0
35 50 3 1-3 (0.6-2 8)

1 0

15 15-7 1 0
30 47-8 1-6 (0-9-3-0)

1.0

11 11-3 1-0
34 55-5 1-5 (07-3-1)

1.0

45 28-4 1 0

2-0 -(-) 0

3-6 2-2 (0-2-19 8) 0
2-7 4-3 (0-5-35-0) 0

Urinary bladder

25 18-3 1-4 (07-29) 18
58 46-5 1-4(07-29) 16

1 1 (0-7-1 7)
30 19 9 1-4 (0 8-2 6) 15
53 47-9 1-6 (09-28) 19

1-1 (0-6-1-6)

25 16-7 1-4 (0-7-2-8) 13
58 51-9 1-5 (0-8-3-1) 21

1 1 (0-7-1-6)
83 31-8 1 1 (0-8-1-6) 34

1 04
6 3 7 2 7 (0 3-22-7)

6

3
4
7

1.0 -

3-9 2 5 (0-3-20 8)

1-3 -

2-5 1-6 (0-2-14 2)
1-8 30 (04-242)

18-6 1-4 (0-7-3-1) 43 18-4 1 4 (0 7-2 8)
43-6 1-6 (0 7-3 6) 74 45-8 1 5 (0-7-2 9)

1-2 (0-7-2-1) 1-1 (0-7-1 7)
16-5 1-3 (0-6-2-7) 45 18-7 1-4 (0-8-25)
44-2 2-1 (1-1-4 1) 72 46-9 1-7 (0-9-3-0)

1-3 (0-8-2 4) 1-1 (0-7-1 6)
14-5 1-5 (0-7-3 3) 38 15 9 1-4 (0 7-2-8)
47-4 1-7 (0.8-3.7) 79 507 16 (08-32)

1-7 (0-7-2 0) 1-1 (0-7-1-6)
25-4 1-2 (0 8-2 0) 117 29-6 1-2 (0 8-1-6)

*Crude incidence (x 10 5).

324



Exposure to styrene and chronic health effects

(table 2). In the internal analysis, the mortality
increased with probability of exposure and a

higher mortality was indicated more than 10
years after the start of employment in the rein-
forced plastics industry (table 3). Among the
workers in the reinforced plastics industry, the
short term workers showed the highest mor-

tality and the increased mortality for long
term workers vanished when long term workers
not exposed to styrene were selected as con-

trols. Cardiomyopathy showed an MRR of
2-2 (five observed, 95% CI 0 5-9-3, data not
shown) among workers with a high probabil-
ity of exposure, and among these workers the
MRR was 5-2 (four observed, 95% CI
0 8-35 6) more than 10 years after start of
employment. But the increased mortality
found was entirely confined to short term
workers.
The mortality for pancreatitis showed a

slightly increased SMR (table 2), which corre-

sponded to a doubled MRR in the internal
analysis (table 3). But the mortality declined
with probability of exposure to styrene and
the excess mortality was confined to the short
term workers. Among workers with low proba-
bility of exposure much higher mortality was

found among workers of the 1960s and more

than 10 years after the start of employment.
This pattern was, on the other hand, not
apparent in the employees with high probabil-
ity of exposure. Twenty of the exposed cases

had a diagnosis of chronic pancreatitis
opposed to only one case among the non-

exposed workers.
The SMR for glomerulonephritis among

workers in the reinforced plastics industry did
not deviate from one (table 2). Only three
cases occurred among workers in the rein-
forced plastics industry with high probability
of exposure (table 3). This number corre-

sponds to a small increase in mortality, but all
three workers had been employed for less than
one year in the industry. The SMRs for symp-
toms, ill defined conditions, accidents, poi-
sonings, and violence (including suicide) were

moderately increased for the workers in the
reinforced plastics industry. Comparable
SMRs were found for the workers not
exposed to styrene, and for this reason and
because these outcomes were not expected to
be associated with exposure to styrene no fur-
ther evaluation by internal analysis was made.

MALIGNANT DISEASES

The total number of solid cancers found
among the workers in the reinforced plastics
industry and the employees of companies with
no exposure to styrene were identical to the
expected values calculated from national rates
(table 4). Cancer of the salivary glands, the
pancreas, the nasal cavities, the lungs, the
pleura (mesothelioma), the mediastinum, the
external male genital organs, and the bladder
all showed increased SIRs.

Five cases of cancer of the salivary glands
were found and all started employment in the
reinforced plastics industry in the 1 960s,
which corresponded to an SIR of 3-16 for this
subgroup of workers (95% CI 1-03-7-39, data

not shown). The increased risk was, however,
confined to short term workers. No case
occurred among the workers not exposed to
styrene. The other cancers with increased
incidence in the external analysis were further
studied by Poisson modelling with the unex-
posed workers as controls (except for cancer
of the mediastinum because of the few cases).

In the internal analysis pancreatic cancer
showed the highest risk among workers with
the highest probability of exposure and among
these workers the risk was highest among long
term workers and workers who started
employment in a reinforced plastics company
during the 1960s (table 5). If the comparison
was restricted to workers who started employ-
ment during the 1960s, or to long term work-
ers, or to the person years accumulated 10
years or more after the start of employment,
the general picture of an increased occurrence
among the workers in the reinforced plastics
industry remained.

Cancer of the nasal cavities showed a
slightly increased risk in the internal analysis
for workers in the reinforced plastics industry
(table 5). The analysis was limited by the
small number of cases, and there was no indi-
cation that risk increased with increasing
probability of exposure to styrene, first year of
employment, or duration of employment.
The IRR for cancer of the external male

genital organs was three times higher among
workers in the reinforced plastics industry
than the workers not exposed to styrene, but
all the seven exposed cases occurred among
workers with a low probability of exposure
(table 5). Of these seven cases, six were can-
cer of the penis and one was a scrotal cancer.
The single unexposed case was also a scrotal
cancer.
Lung cancer, cancer of the pleura, and can-

cer of the bladder showed no increased risk
among the workers of the reinforced plastics
industry compared with the workers not
exposed to styrene (table 5). Taking the year
of first employment, duration of employment,
or time since first employment into considera-
tion did not change these patterns.

Discussion
Neurological impairment ranging from mild
temporary symptoms to severe chronic dis-
ease has been associated with occupational
exposure to organic solvents. Styrene has
been linked to several of these adverse health
effects. The neurotoxic mechanisms of
organic solvents are, however, still unknown
and for this reason cases of parkinsonism,
multiple sclerosis, unspecified degenerative
disorders of the brain, and motor neurone dis-
ease were aggregated in spite of the fact that
the pathologies of the diseases are obviously
different. This combined category of diseases
occurred more often among the workers in the
reinforced plastics industry in the internal
analysis. No excess mortality compared with
the Danish population was seen, but the com-
parisons were based on small numbers.

Degenerative disorders of the myocardium
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had an increased SMR. This result occurred
in the internal analysis mainly because of the
short term workers. Congestive cardiomyopa-
thy, the main disease we were originally inter-
ested in, could not be separated from other
categories of cardiomyopathy. The mortality
from ischaemic heart disease was not
increased among the workers in the reinforced
plastics industry (MRR 0 90, 932 cases, 95%
CI 0 81-1 01, data not shown), which is in
line with most earlier studies of workers
exposed to organic solvents other than carbon
disulphide.26
The workers in the reinforced plastics

industry had 10 deaths due to pancreatitis
compared with 7 9 expected. Thirty two
workers in the reinforced plastics industry had
a diagnosis of pancreatitis when both the
underlying and the contributing causes of
death were considered (SMR 1 52, 95% CI
1 -07-2 15, data not shown). The internal
analyses did not show any clear associations
with the variables that indicated increasing
exposure to styrene. Of special importance is
the fact that the increased mortality was con-
fined to short term workers.
The slightly increased risk of pancreatic

cancer found is in line with the results of two
current mortality studies of workers in the
reinforced plastics industry in Europe and the
United States2022 (part of the Danish study
population was included in the European
multicentre study, but the increased mortality
for pancreatic cancer was also found in other
subcohorts). Methylene chloride has been
linked with pancreatic cancer,27 but has been
used in only a small proportion of the rein-
forced plastics companies,3 and can hardly
explain the findings.
An increased incidence of cancer of the

salivary glands was found based on only five
cases. This disease has been associated with
radiation, but the causes of most cases are
unknown.28 Nasal cancers are strongly related
to exposure to hard wood dust and this is the
most likely explanation for the increased risk
found in both the reinforced plastics industry
and the control industries because of the high
proportion of boat yards in both categories.
The SIR analysis showed increased risks for
cancer of the lung and pleura, which was not
found in the internal comparisons. It may
indicate similar frequencies of exposure to
asbestos and smoking in these industries. The
risk pattern of the external male genital organs
did not give any strong support for an associa-
tion with employment in the reinforced plas-
tics industry.
An important limitation is the lack of infor-

mation on individual exposure. We think that
this problem is not serious in our study of the
reinforced plastics industry, because the num-
ber of exposures are limited and dominated
by styrene, which is highly volatile. The
industry, especially the companies classified
with a high probability of exposure, has also
been characterised by rather small companies
with few employees. This leaves few opportu-
nities for the employees to avoid styrene expo-

sure completely, even when not directly
engaged in its production. It is well docu-
mented that employment in the reinforced
plastics industry during the 1960s implied
high exposure to styrene, so calendar year
may be the most valid indicator of level of
exposure. Duration of employment together
with probability of exposure and year of first
employment in the reinforced plastics indus-
try probably gives a valid indication of expo-
sure to styrene.

Confounding by lifestyle factors and espe-
cially occupational exposures in other work
tasks is a limitation, as no information on such
factors was available. The increased overall
mortality found for employees of the rein-
forced plastics industry compared with the
Danish population at large is likely to reflect
confounding by social class as a high propor-
tion of the study population were unskilled
workers known to experience an excess mor-
tality.29 For this reason internal comparisons
were made with a population similar to the
workers in the reinforced plastics industry but
without exposure to styrene and these analy-
ses are expected to be the most valid.
The risk of pancreatic cancer is associated

with smoking'0 and confounding by smoking
could explain the increased occurrence of
pancreatic cancer found among the workers in
the reinforced plastics industry. Should that
be the case one would expect an increased risk
of lung cancer and this was not found.

Pancreatitis and myocardial insufficiency
are known to be linked to excess alcohol
intake.'32 Mortality from alcoholism and cir-
rhosis of the liver showed a significantly
reduced mortality in long term workers com-
pared with short term workers (MRR,
alcoholism 0 3, 267 observed, 95% CI
0-2-0-4; MRR, cirrhosis of the liver 0 3, 38
observed, 95% CI 0'2-04, data not shown).
These findings thus suggest a higher alcohol
intake among the short term workers and is in
line with former reports suggesting that short
term workers have less favourable life style
factors than long term workers." Even with-
out individual alcohol data it seems reason-
able to conclude that confounding by alcohol
may explain the increased mortality found for
degenerative disorders of the myocardium
and pancreatitis in the short term workers in
the reinforced plastics industry.
The modification of the internal risk esti-

mates observed in tables 3 and 5 when com-
parisons were made between exposed and
non-exposed workers within similar categories
of duration of employment, time since first
employment, and year of first employment
may be due to secular changes in potential
confounders.

In summary these patterns of mortality for
degenerative disorders of the nervous system
and the incidence of pancreatic cancer give
some support to the hypothesis that their
occurrence is increased among the workers in
the reinforced plastics industry. These find-
ings are in line with previous reports ofworkers
exposed to styrene or other hydrocarbons. All
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the conclusions of this study are of low pre-

cision and our findings could easily be
explained by chance. No consistent indica-
tions of increased occurrence of other non-

malignant diseases or solid cancers were

found. Because only company information on

exposure was available and because of the lack
of individual information on possible con-

founding factors one has to be careful in inter-
preting the results. The suggestion of an

increase in degenerative disorders of the ner-

vous system and pancreatic cancer deserves in
depth studies.
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University Research Foundation, the Danish Research
Academy, the Danish Working Environment Fund, and the
Danish Cancer Society.
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